. Chemotypes and antibacterial activity of Matricaria pubescens of Algeria. Biodiversitas 20: xxxx. The objectives of this study were to determine the chemical composition and to evaluate the antibacterial activity of Matricaria pubescens L. essential oils from 14 sampling locations in southern Algeria. The extraction of essential oils was carried out by the hydro-distillation; the analysis of chemical composition of essential oil was carried out by GC-MS. Antibacterial activity was performed by disc diffusion method at the undiluted and diluted essential oil (1/1, 1:2, 1:4 and 1:8 v:v of DMSO) against eight species of bacteria (Bacillus cereus, Escherichia coli, Klebsiella pneumoniae, Listeria innocua, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella enterica and Staphylococcus aureus). The results showed that the average yields of essential oils were 0.4 ± 0.27%. A total of 34 components were identified, averaging 99.22 ± 0.8% of the total oils. The main components were βocimene (Z) (47.41 ± 13.67%), α-pinene (19 ± 7.36%), β-bulnesene (4.96 ± 10.6%), ocimene-allo (4.46 ± 1.3%), 1-phenyl-penta-2,4diyne (4.06 ± 5.7%), limonene (3.84 ± 1.8%), caryophyllene oxide (2.36 ± 3.6%) and γ-bisabolene-E (2.08 ± 4.3%). Based on the UPGMA cluster analysis, there were two distinct clades of M. pubescens. This species has a chemical polymorphism with different chemotypes marked in nature. There were four chemotypes identified in the essential oil of M. pubescens in the region studied. The essential oil of M. pubescens has antibacterial activity against eight bacteria tested in a concentration-dependent manner.
INTRODUCTION
Matricaria pubescens (Desf.) Sch. Bip. (Asteraceae) is an endemic species in North Africa, locally known as "Garetoufa" (Ozenda 2004) . Its synonyms are Chlamydophora pubescens Coss. & Kra. and Cotula pubescens Desf (Reyes-Betancort 2003) . It is found in steppe and desert pastures (Benhouhou 2005) .
M. pubescens is very popular in traditional medicine (Ould El-Hadj et al. 2003; Bouallala et al. 2014) . It is used to treat eye diseases, itching, inflammation of wounds, diseases of the female genital tract and bronchopulmonary diseases (Maiza et al. 1995 , Hammiche et al. 2006 , digestive disorders, internal tumors, rheumatism and neuralgia (Djellouli et al. 2013) . Analysis of the aerial parts of M. pubescens revealed the presence of two coumarins and an isobutyl amide (Benkiki 2006) . The aqueous extracts of the aerial part showed the presence of alkaloids, saponins, flavonoids, and terpenes (Gherboudj et al. 2012; Makhloufi et al. 2012) .
Chemical analysis of essential oils of M. pubescens collected from the Ghardaia region shows the presence of ethyl isochrysanthemoate, spathulenol, α-cadinol, and geranyl isovalerate as major components (Boutaghane et al. 2011; Tadrent et al. 2016) . The investigation of the essential oil of M. pubescens collected from the Biskra region showed that the major compounds were spathulenol, elemicine and herniarine (Bouzaine 2015) , while study by Makhloufi et al. (2014) showed that the essential oil of M. pubescens in the Bechar region is rich in β-ocimene-(Z), myrcene and α-pinene (Table 1) . Two species of M. pubescens and M. chamomilla, are morphologically similar, but they differ in essential oils composition (Tadrent et al. 2016) . It is possible to obtain different composition of essential oils in the same species and morphologically identical individuals, which is known as chemotypes or chemical race. A chemotype is generally indicated by its principal components, which is indicated by the letters "ct" (Deschepper 1990) .
A study by Makhloufi et al. (2012) showed that the essential oil of M. pubescens has potent antibacterial activity against E. coli, B. cereus, and S. aureus. Bouzaine et al. (2011) showed that E. cloacae and E. faecalis were significantly sensitive to aqueous extracts of M. pubescens (Bouzaine et al. 2016) . The aqueous, methanolic, ethanolic and acetonic extracts have antibacterial activity against S. aureus and E. coli (Metrouh-Amir et al. 2015) .
The aim of this study is to identify the chemical composition of essential oils of M. pubescens from Algeria and evaluates its antibacterial activities. In Aminaas 09° 33' 28°02' 553
Essential oil analysis
The essential oils were analyzed on a Hewlett-Packard gas chromatograph CPG/FID 7890, coupled to a gas chromatograph: CPG/MS 7890/5975C, equipped with a Column Apolar: DB5 MS: 40 m 0,18 mm 0,18 µm, programming from 50°C for 5min-5°C/min until 300°C. Helium was used as the carrier gas (1.0 ml/min); injection in split mode (1:30), injector and detector temperature is 280°C with split 1/100. The mass spectrometer worked in EI mode at 70 eV; electron multiplier, 2500 V; ion source temperature, 180°C; MS data were acquired in the scan mode in the m/z range 33-450. The identification of the components was based on the comparison of their mass spectra with those of NIST mass spectral library (Masada 1976; NIST 2002) and those described by Adams as well as on comparison of their retention indices either with those of authentic compounds or with literature values (Adams 2007) .
Antibacterial activity
The antibacterial activities of the essential oil of M. pubescens were evaluated against three Gram-positive bacteria (Staphylococcus aureus ATCC2592, Listeria innocua CLIP 74915, Bacillus cereus ATCC 11778), five Gram-negative bacteria (Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC700603, Escherichia coli ATCC 25922, Proteus mirabilis ATCC35659 and Salmonella enterica CIP81-3. Bacterial inoculums were prepared from overnight broth culture in physiological saline (0.8 % of NaCl) to obtain an optical density ranging from 0.08-01 at 625 nm. Muller Hinton agar (MH agar) and MH agar supplemented with 5% sheep blood for fastidious bacteria were poured in Petri dishes, solidified, and surface dried before inoculation. Sterile discs (6mm) were placed on inoculated agars, by test bacteria, filled with 10µl of undiluted and diluted essential oil (1/1, 1/2, 1/4, 1/8 v/ v of DMSO). DMSO was used as a negative control, and four antibiotics were used as positive control (Gentamicin, Amoxicillin, Colistin 25 and Cefazolin 30).
Bacterial growth inhibition was determined as the diameter of the inhibition zones around the discs. All the tests were performed in triplicate, and the means were calculated as final results. The Petri dishes were incubated at 37°C for 18 to 24h aerobically. After incubation, inhibition zone diameters were measured and documented (Dahiya and Purkayastha 2012; Nascimento et al. 2003) . The sensitivity to the essential oil was classified by the diameter of the inhibition halos as follows: not sensitive (-) for diameter less than 8 mm; sensitive (+) for diameter 9-14 mm; very sensitive (++) for diameter 15-19 mm and extremely sensitive (+++) for diameter larger than 20 mm (Ponce et al. 2003) .
Statistical analysis
Data were first subjected to Principal Components Analysis (PCA) to examine the relationships among the terpenes compounds and identify the possible structure of the populations. Cluster analysis (UPGMA) was carried out on the original variables and on the Manhattan distance matrix to seek for hierarchical associations among the populations. The cluster analyses were carried out using Statistica v10 software. Statistical significance of antibacterial activity results were analyzed by the ANOVA three-way Completely Randomized (Populations, doses, and bacteria) by using the statistical software package (CoStat). All analyses are performed at the 5% significance level (P < 0.05).
RESULTS AND DISCUSSION

Essential oil yield and chemical composition
The yields of M. pubescens essential oils were low, with an average of 0.4 ± 0.27% (v / w). The highest yield is recorded in the essential oil of the El-Menea population (0.92%), while the lowest yield is in the population (cultivar) of Ben Nacer (0.06%). We note that a relationship exists between the essential oil yield of M. pubescens and the altitude (Figure 3 ). The regression line shows that the yield increases with altitude. 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Yield (%)
El M'ghair (2) Beni Guecha (9) Hassi Khalifa (42) Djamaa (43) Magrane (43) Mihouansa (97) Bakaar (100) Ben Nacer (100) Dabdaab (384) Ras Elmiad (394) El Ménéa (396) In Aminaas (553) Boussaâda (606) Oulad Slimane (767 1054 0.00 0.00 0.00 0.00 0.21 0.38 0.00 0.30 0.00 0.09 0.19 0.00 0.00 0.00 0.083 0.12 Terpinolene 1081 0.00 0.00 0.00 0.00 0.11 0.21 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.16 0.05 0.08 3-methyl-2 (2-methyl butenyl) furane 1085 0.14 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.14 0.18 0.06 0.09
Butanoic acid, 2-methyl-2methylbutyl ester 1098 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.16 0.00 0.02 0.05
Ocimene-allo 1124 5.97 3.73 4.16 3.43 3.56 5.08 5.12 2.79 2.39 4.23 4.04 6.17 5.20 6.60 4.46 1.27 Mentha-1,5,diene-8-ol 1127 0.32 0.00 0.32 0.00 1.17 0.00 0.00 0.00 0.80 0.00 1.07 0.00 0.00 0.13 0.27 0.42 Camphor 1149 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.86 0.00 0.42 0.12 0.19 0.43 0.20 0.30 Endobornyl acetate 1288 0.17 0.00 0.39 0.00 0.00 0.43 0.44 0.00 2.39 0.00 0.82 0.23 0.49 0.29 0.40 0.62 1-Phenyl-penta-2,4-diyne 1291 0.00 15.20 0.00 8.40 5.54 0.00 0.00 3.18 9.50 15.05 0.00 0.00 0.00 0.00 4.06 5.74 Limonen-10-ol 1349 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.47 0.00 0.33 0.00 0.00 0.00 0.51 0.20 0.20 Caryophyllene ( The essential oil analysis of M. pubescens by GC-MS ( Figure 4 ) has led to the identified 34 compounds, representing an average of 99.22 ± 0.84% of the total oil. The relative abundance of the components of these essential oils is represented in order of their appearances (Table 3) .
Chemical analysis of M. pubescens essential oil shows that the β-ocimene (Z) was the major compound (47.41 ± 13.67%), and the highest concentration is in the essential oil of the Oulad Slimane population (71%), followed by α-pinene (19 ± 7.36%) and β-bulnesene (4.96 ± 10.6%), where the highest concentration (38.50%) was found in the Ben Nacer population.
Other compounds are also present but at low levels, allo-ocimene (4.46 ± 1.27%), 1-phenyl-penta-2,4-diyne (4.06 ± 5.74%), limonene (3.84 ± 1.76 %), caryophyllene oxide (2.36 ± 3.63%) and γ-bisabolene-E (2.08 ± 4.33%). The distribution of chemical classes in M. pubescens' essential oils is very heterogeneous ( Figure 5 ). The monoterpene hydrocarbons with an average of 83.75 ± 13.76% were mainly composed of β-ocimene-Z (47.41 ± 13.76%) and α-pinene (19.02 ± 7.35%). Oxygen monoterpenes with 1.08 ± 1.11% are the least represented in the oil. The hydrocarbon sesquiterpenes are present in the oil with an average of 11.46 ± 10.83%, whereas the oxygenated sesquiterpenes are present at a low level.
The chemical composition of M. pubescens essential oils in the different studied populations shows very little difference. The principal component statistical analysis (PCA) of M. pubescens populations, based on chemical composition, shows the separation of the populations of Ben Nacer, Dabdab, In Amenas, O. Slimane, and El-Menea, the rest of the populations forms a more or less condensed cloud ( Figure 6) .
The result of UPGMA cluster analysis (Figure 7) , based on linkage distance, separates populations into two distinct clades. The first clade is represented by the Ben Nacer population, which isolates itself with the presence of high level of α-bulnesene (38.5%) and low level of β-ocimene (Z) (25.69%).
The second clade is subdivided into two subclades. The first sub-clade brings together the two populations of Dabdaab and In Aminas. This sub-clade represented by high levels of α-pinene, β-ocimene (Z), and caryophyllene oxide. The second sub-clade is subdivided into two groups, this separation is based on the presence of 1-phenyl-penta-2,4-diyne in the populations (Mihouansa, Hassi Khalifa, Bakaar and Magrene), while the second group is characterized by the presence of a significant rate of ocimene-allo and includes the stations (Beni Guecha, El-Menea, Ouled Slimane, Ras El-miaad, El-Meghair, and Djemaa). The statistical analysis of the chemical composition of essential oils, allowed us to highlight the presence of four chemotypes within the species M. pubescens from Algeria (Table 4 ).
Antibacterial activity of M. pubescens essential oils
Bacterial sensitivity to essential oils is determined by the diameter of the inhibitory zones. The M. pubescens essential oil has antibacterial activity against eight bacteria species tested (Table 5 ).
The result of antibacterial assay of M. pubescens against several bacteria strains showed that K. pneumoniae ATCC 700603, P. mirabilis ATCC 35659, L. innocua CLIP 74915 and S. aureus ATCC 25923 were extremely sensitive, E. coli ATCC 25922 and B. cereus ATCC 11778 were susceptible, while P. aeruginosa ATCC 27853 was sensitive to the undiluted essential oil of M. pubescens. On the other hand, B. cereus ATCC 11778 and P. aeruginosa ATCC 27853 were not sensitive to the diluted (1/4) M. pubescens essential oils. Based on the result of statistical analysis, it showed that the interaction of sampling locations, dilution levels, and strain of bacteria were highly significant (P ˂ 0.001) ( Table 6 ).
The three-way analysis of variance revealed a very significant difference in the diameters of the inhibitory zones among the essential oils dilutions. Gentamicin has the highest growth inhibition against several bacteria tested with the average inhibitory zone of 24.07 mm, classified in the group a (Table 7) . 
Chemotypes
Populations a α-bulnesene-β-ocimane (Z)-α-pinene
Ben Nacer b α-pinene-β-ocimane (Z)-Ocimene allo Beni Gacha, Oulad Slimane, El-Ménéa, Djemaa, El-Meghair, Boussada and Ras El-miaad c α-pinene-β-ocimane (Z)-1-phenyl-penta-2,4-diyne Mihouansa, Hassi Khalifa, Magrane and Bakaar d α-pinene-β-ocimane (Z)-Caryophyllene oxide In Aminaas and Dabdaab .44 336 f + Note: LSD 0.05 = 0.66217084683; * S = Sensitivity (++ highly significant (P ˂0.01); + Significant (P ˂0.05) Amoxicillin and undiluted essential oils of M. pubescens, have the same inhibitory effect on the bacteria tested, with average diameters of inhibitory zone of 21.36 and 20.85mm respectively, and classified in the group b. The antibacterial activity of diluted essential oils (1/4 and 1/8) was very weak to no-antibacterial activity, with the diameter of growth inhibition of 8.87-5.45mm.
The results reveal that P. mirabilis is highly sensitive to the essential oils of M. pubescens, it is classified in the group a, with average growth inhibition of 27.45mm (Table  8 ), while P. aeruginosa was the least sensitive to M. pubescens oils, with average growth inhibition of 9.44 mm.
Djamaa and Magrane populations were classified in the group a, with average growth inhibitions of 18.55 and 17.92mm, respectively. The essential oils of these populations have the best antibacterial activities (Table 9) , while the essential oil of the population of Dabdaab has the lowest antibacterial activity to the majority of bacteria tested. It is classified in the last group (f) with an average inhibition diameter of 12.35mm.
